A world without sexual selection would be a somber place, lacking the rich medley of stimulating sights, sounds, and smells that help individuals win the evolutionary prize of reproductive success. Sexual selection was Darwin's second great idea (1), and we recognize it as a potent and widespread evolutionary force that probably interacts across the whole genome (2) . We also recognize that sexual selection penetrates far beyond mating: females of most species mate with multiple males, generating additional selection from sperm competition (3) and the option for cryptic female influences on fertilization (4) . With this greater depth and breadth of importance for sexual selection, modern evolutionary biologists have been facing questions similar to those that confronted Darwin and discovering an exciting diversity in reproductive form and function at the intimate level of the gamete (5) . In PNAS (6), a comparative study of closely related water beetles reveals this diversity through a remarkable complexity of adaptations in sperm form and function, and analyzes their coevolution with an equally remarkable elaboration in female reproductive tract architecture.
Although the uniform function for a sperm cell is fundamentally to transport the male haplotype to the female pronucleus, the diversity of sperm form and function is far from uniform. The size range alone is huge across the animal kingdom: the porcupine's 28-μm sperm (7) contrasts dramatically with the current world record holder Drosophila bifurca, whose spermatozoal leviathans stretch to 6 cm (8) . Maintaining the species-specific sperm size range seems to be vital: nutritional limitation that halves the resources available for males to invest in gametogenesis leads to a halving in the number of sperm produced but no reduction in the size of the sperm (9) .
Why this 2,000-fold variation in sperm size across species, when all have the same fundamental task? Comparative analyses across some groups show that variation in relative sperm size is influenced by postcopulatory sexual selection: males in species in which females have mating patterns that generate sperm competition have evolved relatively longer spermatozoa (10) . What gives longer sperm a competitive advantage? If longer sperm allow faster swimming velocities, more powerful propulsive forces, or greater resource provision to these behaviors, then postcopulatory sexual selection could favor sperm elongation, but only as long as the female has evolved a competitive arena demanding these functions. In support of a female role here, a number of comparative studies, including across beetles (11) , have found associations between sperm size and female reproductive tract morphometry (10). However, why should females diversify fertilization arenas, when, again, the fundamental function of such environments is simply to ensure the presence of fertile sperm at the right time for fertilization? Classic sexual selection theory would argue that females should evolve an arena that provides honest information about the condition or quality of the males struggling to win within it. There is no reason why this should be restricted to the demanding development of stunning plumage or enormous antlers, because honest signaling information could be as easily gleaned by females at the level of the gamete, well after matings. Selection experiments with Drosophila melanogaster provide support for this theory: after divergently selecting replicate populations in both sperm length and female tract length, the advantage to males with longer sperm only existed when the sperm were competing in a reproductive tract that had also been elongated (12) . The male sperm trait is therefore only advantageous when its competitive arena is specifically selective. In Drosophila, a natural link between sperm length and male condition exists, because the production of longer sperm is demanding of male resources and maturation time (13) . Female fruit flies therefore derive an honest signal of male ability and condition by simply evolving a fertilization arena that gives a fertilization advantage only to those males that can produce long sperm. It was this background that allowed Miller and Pitnick to conclude that "Giant sperm tails are the cellular equivalent of the peacock's tail" (12) .
A number of studies have therefore shed light on the evolution of sperm size by sexual selection (10, 12) ; what about the evolution of sperm architectural complexity? Spermatozoa exhibit the greatest structural diversity of any eukaryotic cell type: they can be amoeboid, flagellated, or multiflagellated (5). Sperm can work in isolation, in pairs, in small groups, and in big sperm "trains," where individual cells link together using grappling hooks powered by filamentous actin, allowing express speeds to the egg (14) . Morphologically, sperm can be long, thin, short, stout, coiled, straight, barbed, or hooked, and a variety of other weird and wonderful shapes and structures (5) . Some species have polymorphic sperm: lepidopterans produce "normal" fertilizing eupyrene sperm, as well as a greater number of anucleate nonfertile and highly motile apyrene sperm, which protect their fertile brothers from competition by packing out the female tract and turning her off to further mating (15) . Again, why this profound diversity, when the primary function is simply to fertilize? Higginson et al. (6) present results from comparative analyses of sperm complexity across 42 dytiscid water beetle species. Sperm length varies considerably across this group (128-4,493 μm), but importantly there is profound variation in sperm complexity, with differences in cell structure, and the nature of sperm cooperation. In some species, binding between sperm pairs takes place, whereas others stack multiple sperm heads together in a "rouleau" (Fig. 1) , making the conjugate much longer than an individual sperm. In addition, some species produce two sperm types, which then link up in the female tract to swim as celldimorphic tandems (6) .
What explains this remarkable variation in sperm structure and behavior across closely related water beetles? Using phylogenetically controlled comparative analyses, Higginson et al. show that this sperm structural evolution is significantly associated with the morphological complexity of the female reproductive tract (6) . Although primarily functioning as a site for sperm storage and fertilization, the tract has undergone extensive diversification across closely related species (Fig. 2) evolution of sperm conjugation in taxa with more compact female reproductive tract dimensions, and the total size of the conjugate covarying with spermathecal duct length. These results indicate that females are leading, and complicating, the dance for sperm trait evolution, and that primary sex cells thereby evolve and carry secondary sexual traits. What is enlightening from this sort of study of female-male coevolution through sexual selection is the ability to make specific measures of the female preference trait. It has been a particular challenge to describe or measure in any objective detail the cognitive basis for female preference of exaggerated traits like the peacock's train (16) ; moreover, such preferences might well be dynamic, changing through time and space (17) . In contrast, and at an important level that gets even closer to fertilization success, the nature of the female preference in terms of sperm management and storage is much more quantifiable, allowing objective measures of the female morphological "preference," which can then be analyzed across taxa in relation to the male trait of response. Now that theoretical and comparative bases for the evolution of traits at this critical hub in the struggle to reproduce are becoming established, progress should be possible through experimentally controlled approaches that allow more detailed resolution of sperm form and function in their natural environment. There is ample evidence that sperm competition and cryptic female choice within the gametic microenvironment can have significant effects upon individual male gene flow and female reproductive fitness (4, 5, 10, 18, 19) , so visualizing the mechanisms behind these effects will be important advances. The individual labeling and observation of live sperm from different males is increasingly possible using techniques such as male-specific fluorescent protamine labeling and live imaging confocal microscopy. A recent in vivo study of sperm behavior from GFP and RFP D. melanogaster males has already provided insights into the level of complexity in sperm function that exists within the relatively unexplored environment of the female reproductive tract (20) .
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